Introduction
Allergic asthma is an inflammatory airway disease and immunoglobulin E (IgE) plays a key role in the induction and maintenance of the inflammation. The prevalence of this chronic disease is very high and many patients are treated insufficiently [1] . Omalizumab -a recombinant humanized monoclonal anti-IgE-antibody -has been included in the GINA guidelines as a treatment for difficult-to-control bronchial asthma [2] . Its mechanism of action has not been used in the therapy of allergic asthma before. Circulating IgE is eliminated by the binding of omalizumab to the binding site of the highaffinity FceRI receptor on the IgE antibody, which is the reason why omalizumab is not anaphylactogenic. Furthermore, omalizumab induces the downregulation of the FceRI receptor on basophils and mast cells which potentiates the IgE complexing effect [3, 4] . In patients with asthma, omalizumab attenuates the early and late phases of an allergic reaction to inhaled allergens. In addition, several anti-inflammatory effects that possibly contribute to the clinical efficacy of omalizumab have been observed [6, 7, 8] .
A number of clinical trials were able to demonstrate the efficacy of omalizumab treatment in patients with allergic asthma [9, 10, 11, 12] . It was shown that omalizumab therapy significantly improved quality of life and reduced the number of severe asthmatic exacerbations that frequently lead to hospitalization and admittance to emergency wards [12, 13] .
Symptom improvement could, however, not be achieved in all patients. In a large number of evaluated patients the response rate was 61% [14] .
In search of clinically relevant parameters to monitor successful omalizumab therapy in allergic asthma M. Probst 2 , A. Gogolka 2 , M. Krüll 1,2 and O. Noga 1, 2 It is difficult to predict whether or not a patient will respond to omalizumab treatment because the key parameters that point to clinical improvement in studies do not allow researchers to distinguish between responders and non-responders. Further parameters that show a significant effect under omalizumab therapy are either experimental and aim at measuring the role of IgE in the allergic inflammation process or they are not adequate for the evaluation of individual efficacy. In an evaluation of various variables of clinical benefit, the investigator's global evaluation of treatment effectiveness (IGETE) was shown to be the most important parameter with regard to the efficacy of omalizumab [14] . The high costs of omalizumab therapy further support the need for parameters that can easily be applied in clinical practice.
The reasons why only 61% of patients respond to omalizumab remain unknown. It could be assumed that in non-responders the allergy is not an important trigger of the inflammation or that the elimination of free IgE is insufficient with regard to the release of mediators.
The aim of our study was to evaluate bodyplethysmography and differential blood count as parameters for the monitoring of the efficacy of omalizumab therapy. Furthermore, we investigated the role of specific IgE levels against various allergens as predictive parameters.
Methods

Study design
We performed a retrospective analysis of 44 patients with allergic bronchial asthma who received omalizumab therapy. All patients had allergic asthma with a positive skin prick test to a perennial allergen (Dermatophagoides farinae, Dermatophagoides pteronyssinus, cat or dog) and according allergen-specific IgE (sIgE) (ImmunoCAP, Phadia, Uppsala, Sweden). Seasonal allergens were assessed in the same way. All patients were treated with an inhaled glucocorticoid and showed reversibility of the forced expiratory volume in 1 second (FEV 1 ) within 30 minutes after inhalation of 200 mg salbutamol of more than 12% as compared to the baseline value. Omalizumab was administered subcutaneously every 2 -4 weeks. The dose was adjusted to the patient's body weight and total IgE at screening in order to reach a minimum dose of 0.016 mg/kg/IgE every 4 weeks. Therapy benefit was evaluated after 12 -16 weeks of therapy.
Bodyplethysmography
Bodyplethysmography was carried out between 8 a.m. and 2 p.m. by qualified staff according to the recommendations of ERS/ ATS [15, 16] .
Peripheral blood count/eosinophil granulocytes
Peripheral blood count/eosinophil granulocytes were determined using automated detection methods. Blood was drawn by peripheral vein puncture.
Investigator's global evaluation of treatment effectiveness (IGETE)
The treatment effectiveness was evaluated on a 5-point scale: -2 = pronounced aggravation of symptoms; -1 = aggravation of symptoms; 0 = no change; 1 = symptom improvement; 2 = pronounced symptom improvement. Patients with a value of 0 or below were classified as non-responders; responders reached a value of 1 or 2.
IgE determination
Total IgE and specific IgE were determined using the CAP system (Phadia, Uppsala, Sweden).
Statistical analysis
Inter-group differences were compared with the Mann-Whitney-U test. A p-value < 0.05 was considered statistically significant. If not stated otherwise, all tests compared the data of the treatment groups as percentages of change from the baseline value to therapy week 12. For comparisons within-group (be-fore and after initiation of treatment) the Wilcoxon test was used. A p-value < 0.05 was considered statistically significant.
Results
Patients
Between 1998 and 2006, a total of 44 patients were treated with omalizumab. The patient characteristics are presented in Table 1. 26 patients (60.5%) were classified as responders (IGETE 1 or 2) and 17 (39.5%) as non-responders (IGETE 0 to -2). It was shown that younger patients responded significantly better to the treatment (Table 1) .
Airway resistance as a parameter of the response to treatment
The comparison of airway resistance (R aw ) before the start of therapy showed a tendency towards higher values in the group of responders which did not, however, not reach statistical significance. Under omalizumab therapy, a highly significant reduction of airway resistance (p < 0.001) was observed in responders as compared to non-responders. The median reduction of airway resistance in the group of responders was 22.4% of the baseline value. The evaluation of the individual airway resistance values before, and 12 weeks after initiation of therapy also show significantly lower values during ther-apy, in responders, while in non-responders no difference could be observed (p < 0.001) (Figure 1a ). The improvement of airway resistance corresponded to a clinical improvement during therapy (Figure 1b ). There was a strong correlation between the reduction of airway resistance and clinical evaluation (r -0.634) (Figure 1c ). A change of FEV 1 under therapy could, however, not be detected in either group. On the other hand, if the classification as a responder was defined by the reduction of airway resistance, a significant improvement of FEV 1 could be observed in this subgroup (Figure 1d ).
The subgroup analysis of patients receiving placebo (data published earlier) did not demonstrate a significant change of airway resistance before and after initiation of therapy (0.4 kP/s*l bis 0.42 kP/s*l). The number of responders among the placebo-treated patients was low (3 of 18 patients; 16.67%) [8] .
Peripheral eosinophil granulocytes did not correlate with the response to treatment
The comparison of responders and nonresponders with regard to blood eosinophilia showed a slight reduction in both groups. In the group of responders this reduction was statistically significant (p < 0.05), but no significant difference between both groups could be observed (Figure 2 ). 
The maximum specific IgE, but not the perennial allergenspecific IgE, is a predictor for good response to anti-IgEtherapy
The comparison of perennial sIgE shows higher values in non-responders, without the difference being statistically significant. The comparison of the maximum sIgE-value (perennial or seasonal allergen) demonstrates significantly higher values in the non-responders ( Figure 3 ).
Discussion
Our study showed that airway resistance is an adequate parameter for the evaluation of a positive response to omalizumab treatment. Airway resistance is easy to measure and can be determined in routine practice. Due to the low number of cases in our study, we cannot determine the exact value of airway resistance decrease that would allow for the identification of responders. The mean decrease of airway resistance was 22.4%. There was a strong correlation with the results of the IGETE scoring. This means that the measurement of airway resistance can be an independent parameter for the evaluation of response to omalizumab treatment. Patients in whom an adequate reduction of airway resistance is not reached, even after repeated measurements, should be critically re-evaluated with regard to a possible benefit of omalizumab therapy. In addition to the well-established parameters of "quality of life", "number of exacerbations", and "necessary medication", airway resistance can be a further useful parameter for evaluating whether omalizumab therapy should be continued or not. Hopefully, the standardized measurement of airway resistance under omalizumab therapy will generate more data in the future so that an adequate cut-off value for the reduction of airway resistance can be defined. The fact that the clinical response can be documented by an objective and sensitive marker of airway obstruction seems to be the logical consequence. If the clinical response is evaluated using the decrease of airway resistance, a significant improvement of FEV 1 can also be observed. This might also explain the fact that in individual patients marked increases of FEV 1 have been observed, while for the total study population no homogeneous improvement could be shown [17] .
Younger age is associated with a better response to treatment. This could be due to the impact of allergies on the underlying inflammation and is generally expected. But this does not mean that older patients could not benefit from anti-IgE therapy. In principle, no age group should be excluded from therapy; nevertheless, the relevance of a sensitization for airway obstruction should be critically evaluated and other diseasesparticularly COPD -should be excluded.
The aspect of measured specific IgE levels seems to become more and more important in achieving an effective suppression of the cellular release of mediators. In this context, our data show that in addition to the specific IgE against the perennial allergenwhich needs to be present to justify anti-IgE therapy -the maximum specific IgE value also seems to be of major importance. Furthermore, a routine measurement of free IgE would be desirable for the future.
In our study, the determination of eosinophil granulocytes in the blood did not represent a further instrument for the evaluation of a patient's response to anti-IgE therapy, although other data suggest that a reduction of IgE influences the circulating and tissue eosinophil granulocytes [6, 7, 8, 18] . The comparison of responders and non-responders with regard to the reduction of circulating eosinophils shows that the decrease in responders is only of low statistical significance. In the group of non-responders, a mild reduction could also be detected so that no significant difference between both groups was seen. The described reduction of eosinophil granulocytes does not seem to reflect any acute clinical effect. This assumption is supported by results from the anti-interleukin-5 studies, where a marked reduction of eosinophil granulocytes did not lead to any significant clinical effect [19] . As suggested by Kariyawasam and Robinson [20] , eosinophil granulocytes do seem to play a role in long-term airway remodeling and long-term studies will be necessary in the future.
In conclusion, we would suggest the evaluation of airway resistance in patients undergoing omalizumab therapy as well as the determination of the spectrum of perennial and seasonal allergens. Further data from larger study populations are necessary to make a final recommendation.
